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1 Introduction and Motivation

Data stream processing is currently gaining importance
due to the developments in novel application areas like e-
science, e-health, and e-business (considering RFID, for
example). Focusing on e-science, it can be observed that
scientific experiments and observations in many fields,
e. g., in physics and astronomy, create huge volumes of data
which have to be interchanged and processed. With exper-
imental and observational data coming in particular from
sensors, online simulations, etc., the data has an inherently
streaming nature. Furthermore, continuing advances will
result in even higher data volumes, rendering storing all of
the delivered data prior to processing increasingly imprac-
tical. Hence, in such e-science scenarios, processing and
sharing of data streams will play a decisive role. It will
enable new possibilities for researchers, since they will be
able to subscribe to interesting data streams of other sci-
entists without having to set up their own devices or ex-
periments. This results in much better utilization of ex-
pensive equipment such as telescopes, satellites, etc. Fur-
ther, processing and sharing data streams on-the-fly in the
network helps to reduce network traffic and to avoid net-
work congestion. Thus, even huge streams of data can be
handled efficiently by removing unnecessary parts early on,
e. g., by early filtering and aggregation, and by sharing pre-
viously generated data streams and processing results.

To enable these optimizations, we use Peer-to-Peer
(P2P) networking techniques. P2P has gained a lot of atten-
tion in the context of exchanging persistent data—in partic-
ular for file sharing. In contrast to that, we apply P2P net-
works for the dissemination of individually subscribed and
transformed data streams, allowing for data stream shar-
ing. By using the computational capabilities of peers in the
P2P network, we can push data stream transforming oper-
ators into the network, thus enabling efficient in-network
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query processing. This yields a reduction of network traf-
fic, load balancing among peers, and improved flexibility in
terms of the kinds of peers that can register queries in the
network. At the same time, multi-subscription optimiza-
tion allows for data stream sharing and reuse of computa-
tional results among different peers. This provides for both,
reduced network traffic and decreased computational load
of peers. Ultimately, more subscriptions can be processed.
Prototype systems like STREAM [2], TelegraphCQ [4],
CACG [11], NiagaraCQ [5], ONYX [6], or sensor net-
works like Cougar [15] have made advances in processing
data streams and locally optimizing the evaluation of multi-
ple queries, but do not yet focus on the optimization of data
stream processing in a generic distributed data stream man-
agement system (DSMS) by distributing stream processing
in the network. We propose StreamGlobe [12] as a pro-
totype to meet these challenges. The StreamGlobe imple-
mentation adheres to established Grid Computing [7] stan-
dards (OGSA) in order to fit into existing e-science plat-
forms. To ensure interoperability, StreamGlobe is built on
top of standards like XML and XQuery for representing
data streams and specifying subscriptions.

As a motivating example, we introduce an astrophysi-
cal e-science application. Consider Figures 1 and 2 illus-
trating a simplified example P2P network. SPy to SP;
are super-peers, which are more powerful servers consti-
tuting a super-peer backbone network [14]. In contrast,
Py to Py are less powerful thin-peers (simply called peers
in the following), delivering data streams into the network
or registering subscriptions. Here, Py is a satellite-bound
telescope detecting photons and registering a data stream
called photons at super-peer SP3. In our demonstration
setup, this data stream consists of real astrophysical data
collected during the ROSAT All-Sky Survey (RASS) [13],
which we obtained through our cooperation partners at the
Max Planck Institute for Extraterrestrial Physics [10]. It
contains, among other things, the detection time of a pho-
ton, its energy, and its origin in celestial coordinates. Let
peers Py and P, be devices of two astrophysicists used
to register subscriptions. The first is interested in a cer-
tain area of the sky denoted as the vela supernova rem-

I The terms query, continuous query, and subscription are treated as
synonyms throughout this paper.






